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Abstract

We implemented an initial application
of a sentence-trimming approach (Trim-
mer) to the problem of multi-document
summarization in the MSE2005 task.
Sentence trimming was incorporated
into a feature-based summarization sys-
tem, called Multi-Document Trimmer
(MDT), by using sentence trimming as
both a pre-processing stage and a fea-
ture for sentence ranking. We demon-
strate that we were able to port Trimmer
easily to this new problem, although the
impact of sentence trimming was min-
imal compared to other features used in
the system. The performance of our sys-
tem in the official MSE2005 task was
around the middle of the pack (16 out of
27). After some minor bug fixes and a
simple correction (dateline removal) we
obtained an improvement on a post-hoc
run on the test data.

1 Introduction

This paper presents an initial application of
UMD/BBN’s  single-document  summariza-
tion approach (Trimmer), to the problem of
multi-document summarization.  Trimmer uses
linguistically-motivated heuristics to trim syn-
tactic constituents from sentences until a length
threshold is reached. Given that MSE required a
longer summary based on inputs from different
sources, we embarked on an investigation of
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the feasibility of applying sentence trimming
approach to multi-document summarization.

We incorporated sentence trimming into a
feature-based summarization system, called
Multi-Document  Trimmer (MDT), by using
sentence trimming as both a pre-processing stage
and a feature for sentence ranking. Trimmer is
used to pre-process the input documents, creating
multiple partially trimmed sentences for each
original sentence.  The number of trimming
operations applied to the sentence is used as a
feature in the sentence ranker. The UMD/BBN
multi-document system is called Multi-Document
Trimmer (MDT).

We demonstrate that we were able to port Trim-
mer easily to this new problem, although the im-
pact of sentence trimming was minimal compared
to other features used in the system. The perfor-
mance of our system in the official MSE2005 task
was around the middle of the pack (16 out of 27).
After some minor bug fixes and a simple correc-
tion (dateline removal) we obtained an improve-
ment on a post-hoc run on the test data.

The next section relates our approach to other
existing summarization systems. Following this,
we describe the MDT approach and then present
the results of running our system in the MSE2005
task. We will present results of our system with
and without dateline correction.

2 Background

A successful approach to extractive multi-
document summarization is to rank candidate sen-
tences according to a set of factors, iteratively re-



ranking to avoid redundancy within the summary.
MEAD (Radev et al., 2004; Erkan and Radev,
2004) ranks documents according to a linear com-
bination of features including centroid, position
and first-sentence overlap. Once a set of sentences
has been chosen as the summary, all sentences
are rescored with a redundancy penalty based on
word overlap with the chosen sentences. A new set
of summary sentences is chosen based on the re-
ranking. This is iterated until there are no changes
in the summary. MDT differs in that syntactic
trimming is used to provide shorter, but still gram-
matically correct, variations of the sentences as
candidates. Also, MDT treats redundancy as a dy-
namic feature of unselected candidates.

Syntactic shortening has been used as in multi-
document summarization in the SC system (Blair-
Goldensohn et al., 2004). The SC system pre-
processes the input to remove appositives and rela-
tive clauses. MDT differs from SC in that a wider
variety of syntactic structures are candidates for
trimming, and that multiple trimmed varieties of
each sentence are provided.

Minimization of redundancy is an important el-
ement of a multi-document summarization sys-
tem. Carbonell and Goldstein (1998) propose
Maximal Marginal Relevance (MMR) as a way of
ranking documents found by an Information Re-
trieval system so that the front of the list will con-
tain diversity as well as high relevance. (2000)
demonstrate MMR applied to the problem multi-
document summarization. MDT borrows the rank-
ing approach of MMR, but uses a different set of
features. MDT, like MEAD, uses feature weights
that were optimized to maximize an automatic
metric.

3 Multi-Document Trimmer

MDT consists of a three-stage process. Firsta syn-
tactic trimmer is used to provide multiple trimmed
versions of each sentence in each document of the
topic set. Each of these trimmed variants is given
a relevance score, either to a query or to the topic
set. Finally sentences are chosen according to a
linear combination of features.

We used five features in ranking the candidate
sentences.

o Fixed features

— Position. The zero-based position of the
sentence in the document.

— Relevance. The relevance score of the
sentence to the query or the topic.

— Trims. The number of trimmer rules ap-
plied to the sentence.

e Dynamic features

— Redundancy. A measure of how similar
the sentence is to the currently selected
sentences.

— Sent-from-doc. The number of sen-
tences already selected from the sen-
tence’s document.

The score for a sentence is a linear combination
of these five features.

3.1 Syntactic Sentence Trimming

We use Trimmer (Dorr et al., 2003; Zajic et al.,
2004) to provide multiple trimmed versions of
the sentences in the documents. Trimmer uses
linguistically-motivated heuristics to remove low-
content syntactic constituents until a length thresh-
old is reached. In the context of multi-document
summarization, each intermediate stage of trim-
ming is presented as a potential summary sen-
tence.

The following example shows the behavior of
Trimmer on a sentence from the MSE2005 test set.
Ideally, each stage of Trimmer yields a grammati-
cally acceptable sentence.

(1) after 15 years and an investigation involving
thousands of interviews, canada’s police have
arrested the men they say masterminded the
deadliest-ever bombing of an airplane.

(2) after 15 years and an investigation involving
thousands of interviews, canada’s police have
arrested the men they say masterminded the
deadliest-ever bombing.

(3) after 15 years and an investigation involv-
ing thousands, canada’s police have arrested
the men they say masterminded the deadliest-
ever bombing.



(4) canada’s police have arrested the men they
say masterminded the deadliest-ever bomb-

ing.
(5) canada’s police have arrested the men.

After the results of the MSE2005 evaluation
were published we examined our system output.
We discovered that our system had often included
datelines in the summaries. To deal with this,
Trimmer was modified to skip over initial short
sentences. 1 This had the desirable effect of elim-
inating datelines in written news and low-content
introductory sentences from broadcast news.

We have also fixed some bugs in Trimmer re-
garding time expression removal and punction 2
and corrected a bug in aligning information from
the parser and the named entity tagger that was
discovered on the MSE2005 test data. We will
present results of our primary submitted system
and of our system in its current state.

3.2 Relevance Scoring

The relevance score measures the similarity be-
tween a trimmed sentence and the entire set of
documents that defines the topic at hand. We as-
sume that sentences having higher term overlap
with the relevant documents are preferred for in-
clusion in the final summary. Lucene, a freely-
available off-the-shelf information retrieval sys-
tem,3 was employed to calculate this measure. In
order to get an accurate distribution of term fre-
quencies, we indexed all relevant documents along
with a corpus of newswire text (one year of the
LA Times)—this additional text essentially serves
as a background model for non-relevant docu-
ments. Using Lucene’s built-in scoring function,
we calculated the similarity between a sentence (or
trimmed version thereof) and each relevant docu-
ment. The relevance score for the sentence is sim-
ply the average of all document similarity scores.

INo sophisticated techniques, e.g., regular expression
matching or parsing was used to recognize datelines. We ig-
nored sentences at the start of the document with fewer than
six words up until the first sentence with six or more words.

2punctuation was not an issue in Trimmer’s original task
of headline generation: it was always removed.

3http://lucene.apache.org/

3.3 Redundancy Scoring

To measure how redundant a sentence is with re-
spect to the current state of the summary, we imag-
ine that the words in the potentially redundant sen-
tence are drawn from either the current summary
or from the general language. The probability of a
word in a potentially redundant sentence is a lin-
ear combination with parameter X of the probabil-
ity that the word occurs in the summary and the
probability that it occurs in the general language:

count of win D
sizeof D

P(w|D) =

count of win C
sizeof C
P(w) = AP(w|D) + (1 — X\)P(w|C)

where D is the current state of the summary and
C is the corpus, in this case the concatenation of
all the documents in the topic set. We have set
A = 0.3 as a conventional starting value, but have
not yet tuned this parameter. We take the proba-
bility of a sentence to be the product of the proba-
bilities of its words. The redundancy of a sentence
with respect to the current summary is the degree
to which the sentence is more typical of the sum-
mary than it is typical of the general language:

AP(s|D) + (1 — N P(s|C)

P(w|C) =

Redundancy(S) = H

s P(s|C)

For ease of calculation, we actually use log proba-
bilities:

> " log(AP(s|D) + (1 — A)P(s|C)) — log P(s|C)
SES

Prior to calculating the redundancy score, we
remove stopwords and apply the Porter Stemmer
(Porter, 1980) to the sentence, the current sum-
mary and the corpus.

3.4 Sentence Selection

The score for a sentence is a linear combination
of the five features described above. The high-
est ranking sentence from the pool of eligible sen-
tences is chosen for inclusion in the summary.
When a sentence is chosen, all other trimmed ver-
sions of that sentence are eliminated. After a sen-
tence is chosen, the dynamic features, redundancy



Feature Submitted | Revised
Weight Weight
Position -1 -10
Relevance 20 28
Trims -2 —00
Redundancy -20 -20
Sent-from-doc | -0.5 -3

Table 1: Tuned Feature Weights

and sent-from-doc, are re-calculated, and the sen-
tences are reranked.

The weights for the factors were determined by
manually optimizing on a set of training data to
maximize the ROUGE (Lin and Hovy, 2003) mea-
sure for 2-grams on recall on the DUC2004 Task 3
data, using ROUGE version 1.5.5. The weights for
our submitted system and our revised system are
shown in Table 1. The weight of —oc for Trims
indicates that the highest ROUGE scores were
achieved for the training data when no trimmed
sentences were selected. It is possible to prohibit
selection of trimmed sentences by setting the Trim
weight to a very large negative value.

4 Evaluation

Table 2 shows the performance of the version of
MDT that was submitted to the MSE2005 evalua-
tion, and an improved version that removed date-
lines from consideration and made some improve-
ments to the trimming component of the system.
We ran the revised system with three settings of
the trim weight. A weight of 0 effectively removes
the number of trims as a ranking factor. A weight
of -2 was the optimal weight in the original sub-
mission. When the weight is —oo, no trimmed
versions of sentences are used. The ROUGE-2 av-
erage recall for these runs are shown in 2. The
results on the MSE2005 data show that trimming
increases the ROUGE-2 score by a small, non-
significant amount when the revised weights are
used. When the earlier weights are used, there is
a non-significant decrease, however the scores are
generally higher. This suggests that the 24 data
points (the number of topics in DUC2004 Task 3)
may not be sufficient to optimize 5 independent
factors, and that better optimization of weights
could improve the system.

System R2 Recall R2 Recall
w/submitted | wi/revised
weights weights

Submitted System 19 | 0.11849 -

Revised system 0.13496 0.13193

Trim weight =0

Revised system 0.14754 0.13143

Trim weight = -2

Revised system 0.14837 0.13039

Trim weight = —oco

Table 2: ROUGE scores

5 FutureWork

The current state of MDT represents our first ef-
fort to incorporate syntactic trimming into multi-
document summarization. We plan to analyze
MDT’s errors to determine why it did not se-
lect trimmed versions of sentences that actually
removed unimportant syntactic constituents. We
also plan to examine the output of the syntactic
trimmer to determine if it is actually providing ap-
propriate alternatives to the original sentences.
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